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Active ingredient content 

Ghosamine 

o Authorised as medicinal product in 16 countries of 
the EU (on 25) 

m  Authorised as medicinal product in several other 
countries in Asia, Latin America, Ea6t Europe (45 
Countries in total) 

o Medicinal product on prescription, rqimbursed by 
the national health service in several countries. 

o Marketed as Dietary Supplement‘only in USA 

ONA TM (Crystalline Glucosagine Sulrate) 
t?e,sula tow Status 
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Crystalline Glucosainine Sulfa 

* Glucosamine Sulfate is highly hygroscopic 
and it is not suitable for pharmaceutical 

@  Crystalline Glucosamine Sulfate is a 
stabilized form of Glucosamine Sulfate 

e The stabilized form of Glucosamine Sulfate 
contains NaCl and is in conformity to 
Glucosamine Sulfate Sodium Chloride 

Chemical formula and molecurdar weight of 
glucosarnine compounds 

I Glucosamine 
I 
C,H,,NO,CI 

Hydrochloride 

Giucosamine Sulfate 
I 
(C,H,,NO,),SO, 

I Crystalline 
I 

(C,H,,NO,),S0,~2NaCC 
Glucosamine Sulfate 

456.43 





Health irn Petition 

Dietary Supplementation of 
stalline Glucosamine Sulfate 
lucosamine Sulfate :Sodium 

hloride-USP/NF 2004) Reduces 
the Risk Of steoarthritis 

(Joint St‘ructure Deterioration and Related 
Joint Pain and Limitation (jf Function) 

Topics 

@  introduction on crystalline glucosamine sulfate (CGS) 

Clinical trial evidence of CGS in OA 

Why do the long-term therapeutic trials of CGS support 
the claim of disease prevention 

* Effects in prophylactic animal models of OA 

* Mechanism of Action 

* Why “glucosamine” formulations other than CGS do not 
have the same body of evidence to Gupport any claim 
Significant Scientific Agreement on the use of CGS for 
OA 
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Crystalline 

linical Trial dence i 
Suppo~~ng the Claim for 
C~stalline G/ucosamine 

Sulfate (C 

Head, Dept. Of Clinical Pharmacology 
Executive Medical Director 

Rotta Research Laboratorium 
Monza (Ml) - Italy 

FDA FAC 2. Dr. Rovati.PPT: I 



Systematic reviews and meta-anafyqes of 
randornised controlled trials 

@  Richy et al, Arch lntern Med 2003;163:1541-22 

= All meta-analyses documented ef@acy and safety on 

- Rotta CGS used in 86% of trials; other glucosamine 
preparations gave less favourable results 

al) could consider the two 

Systematic Reviews and Meta-Analises of RCls 

- Moderate effect size on OA symptoms, larger for longer 
treatments, with good safety 

- Suspect of publication bias and thus of exaggerated 
treatment benefit 

(k Not fully supported by funnel @ lot analvsis 
P No negative unpublished studies with CGS in the 

Company’s archives) 









Why do the long-term therapeutic;frials of CGS in 
knee OA, support the &aim of disqape p‘rievenfion 

o Data on the contralateral knee 
o Symptom- and Structure-Modifying effects in patients 

with milder characteristics at entry 
o Disease outcomes in longer-term #allow-up 
* Effects in prophylactic animal models, supporting . 

a preventive role for the substa&ze. 
o Mechanism of action, supporting the observed 

short- and tong-term clinical effects on symptoms 
and prevention of joint structure changes, by the 

FDi!JF~ineOhrauPmhsa8hh, 11 -tim* \ 1 Dr.LRd I 





New Follow-Up Data from the PavSlka Trial 

Why do the long-term therapeutic trjals of CGS in 
knee OA, support the claim of disdase prevention 

@  Disease outcomes in longer-term ffollow-up 

3-year treatment with CGS prev&nted t&l-related 
lower limb surgery, a chnically @&van? disease 
outcome during an average further follow-up of 5 
years. 7%~ may be due to the stpucture-modifyin 
activity achieved &r&g freatmept: and an overal 9 
delay in joint sfructure changes. Xn addit&, 
patients previoqs& on C&S may huve a long-/a&in9 
symptomatic effect, a better qua&y of life and a 
lower utilsaation of heakh resoqzes. 





Mean cost of hea/th resources uti#sation (in Euro) 
during the last year of the follow up. 

tl Glucosamine Sulfate I Pljlcebo 
p= 0.024 
lE= -1.2 U.S.$ 

I Conclusions of the Follow-Up study 

D During an average further follow-up of 5 years, previous 
3-year treatment with glucosamine sulfate for prevention 
of knee OA clinically relevant outcomes: 
- Reduced the need for lower limb joint surgery 

In addition, the previous treatment: 
- Resulted in, a significantly slower progression in joint 

structure changes 
- Induced a long-lasting symptomatic effect 
- Promoted a better quality of life 
and 
- a lower utilisation of health resoumes 

Reginster JY et al, Arthritis Rheum ZOC& 48:89 (ACR abstmct) 





Mean (SD) SF-36 score at follow-up waluation 

All scores were higher in the former glucosamine&lfsts group 

Regins&wJY ei al, Arthdtis Rh&m 2003,4&89 (ACR abstract) 

Mean (SE) cost/use of health resmmes in. the year 
prior to follow-up evaluation 

C 

I 

Number of rsdiograps for OA 0.60 (0.14) 0.44 (0.09) 

Number of gaskoscopies 0.30 (0.07) 0.10 (0.04) 

Number of nor&A exams 5.4 (I .6) 2.8 (0.6) 

Reginster JY et al, Arthritis Rheqni 2003, 48:89 (ACR abstract) 

. 
0 





Mean (SE) change in minimum JSWfrom tria! 
enroiment to follow+4p 

w 
aPlacebo eGlucosamine hifate 

Re@nster JY et al, Arthritis Rhwm 2003,48:%9 (ACR abstmct) 

FDAFAC-Qyst&‘no G4tmaMe 8ulfeto 11 e4lmdf&June’llhgth~’ [I D?. L Rwau 
1 

Fob .%c 2 P. nanu.mu 

Mean (SE) WOMAC index % change ‘from trial 
enrolment to follow-up 

WOMAC total 

WOMAC function 

ReQinster JY e=ritis Rheum 2003,48:89 (ACR abstract) 





incidence of severe mean joint space narrowing 
(JSNNM mm) a#er 3 years 

p=O.O13/N~ -Tcaat(nlin)Lr 

Regimter&‘et al. Lam& 2001; 357: 251-56 

Pavelka K et al, &ch lntwn MM. 2002: 162’ 2113-25 

Patients with >tM mm JSN during trial had a 3-fold 
risk increase for knee surgery dun&g follow-up 

Follow-up assessment 

Fo~~~w-uQ patients with qnean 
and/or minimum JSN SO.8 

mm during trial I 

Number of patiants 
with knee surgery 

Incidence of knee surgery 

Rslative Risk 
(95% Cl) of knee 

surgery at follow-up if 
JSNaO.5 mm 
during trial 

3.29 
(1.50-7.23) 

These data provide external validity to the trial arbiiary cut-off of 0.5 mm JSN to 
define severe joint structure damage. 
Glucosamine sulfate had decreased by 50% (p=O.O13) the incidence of JSN>O.S 
mm during the trial. 

Reginster JY et al, Arthdtis Rheum 2003, 48:89 (ACR abstract) 





’ NUNIBER OF PATIENTS 

- Number of events 

- Number of knee 
and/& hip surgeries 

- Number of knee 
surgeties only 

0.52 0.06 
(0.23-I .06) 

0.52 
0.05 

(0.2S-1.02) 

0.52 0.08 
(0.23 to 1.06) 

* Including knee or hip replacement, or joint debdde~ent/meniscectomy 

Reginster JY et al, Arthritis Rheum 2003,48:89 (ACR abstract) 

OA-relafed lower limb surgery dur@g Follow-up 

’ NUMBER OF PATIENTS 

- Number of events 

) Pts. with knee andlor 
hip replacement 

- Number of knee 
and/or hip replacements 

- Number of knee 
replacements only 

Placebo 

SUItate 
(Ns9.t) 

0.55 0.18 
(0.23-l .33) 

0.56 0.14 
(0.26-I .23) 

0.55 0.18 
(023 to 1.33) 

Reginster JY et al, Arthritis Rheum @03, 48:89 (ACR abstract) 





Methods of the Follow-up study 

o All 212 patients previousty in the triaI< were invited, by 
phone or mail, to participate in a folt&v+up evaluation 
in&ding a clinic visit or at least a telephone interview. 

e All patients that could be contacted (kl77, i.e. 83% of 
the original sample, 88 formerly on ptacebo and 91 on 
CGS) were questioned about lower rib OA-related 
surgery occurring after the trial. Secondary outcomes 
could be assessed in a subset of 101 patients, 

* The mean duration of follow-up after the study was 5 
years (min. 3.8; max 8.0). Patients h&received 
standard of care. 

Reginster JY et al, Arfhtftis Rheurn 2003,48: 89 (ACR abstract.) 

Methods N of the Follow-up study 

o 101 patients accepted a clinic visit and were also administered: 
- WOMAC questionnaire 
- SF-36 questionnaire 
- a questionnaire on the use of health resources during the 

previous year 

and, whenever possible, a knee radiograph was taken 
according to the conventional standing ALP’ technique used at 
the time of the trial, for the assessment of 

- minimum JSN (medial ttbiofemoral compartment) 

* All follow-up analyses were performed in intention-to-treat, i.e. 
irrespectively of the duration of patient’s involvement in the 
previous trial. 

Reginster JY et al, Arthritis Rheutn 2QO3 48:89 (ACR abstmct) 





Prevention of Osfeoatthritis = - 
Avoidance of Long-Tern Disease $Wtconms 

o Osteoarthritis is a heterogeno;us .condition in 
which symptoms do not readily’ correlate with 
joint structure changes. 

@  Although it can be diagnoged; @aged and 
treated according to current guidelines, 
prevention of.the disease may be referred to 
prevention of the clinically relevant outcomes, 
i.e. patient disability and/or tkneed for joint 
surgery. 

Purpose of the Follow-Up study of the Reginsfer 
rmhnti 

@ To perform a follow-up evabation in patients from the previous 
3-year trial (Lancet 2003 ), to assess ion@-t&m disease 
outcomes including, as primary outcome: 
- The occurrence of osteoarthritis-related joint surgery 

and, as secondary outcomes: 
- Radiographic knee joint structure changes 
- Knee osteoarthritis symptoms 
- Quality of Life 
- Pharmacoeconomic impact on use of health resources 

Reginsier JY et al, Arthritis Rheurp 2003,4&89 (ACR abstmc0 





Why do the long-term therapeutic :trsals, of CGS in 
knee OA, supporf the claim of disease prevention 

* Symptom- and Structure-Modifying effpds in patients with 
milder characteristice at entry : 

Why do the long4erm therapeutic @ ii/s of CGS in 
knee OA, support the claim of dise;ase prclevention 

. MiW to moderate characteristics of the patiint 
1 

population 
e Data on the contralateral knee 
* Symptom- and Structure-Modifying .effects in patients 

with milder characteristics at entry 
., Disease outcomes in longer-term follow-up 
. Effects in prophylactic animal mod& 
e Mechanism of action supporting short- and long-term 

effects on symptoms and preventioh of joint structure 
changes 





Correlation between baseline and 3-year changes 
in Joint Space width fJSt@ 

*A sign&ant ( negative) correlation was found with pbcebb (M-0.34; p”o.003) 
*The structure-modiiing afkct of 0s was evident in diia$EE) pmgwssors (those with 

more preserved JSW at basetin@. 

Correlation between baseline joint structure and S-year 
changes in symptoms 
*Poor correlation betwaan baseline or 3-year changes in joint space width and 3-year 
changes in symptoms, in the placebo group 
*The symptcwn-modifying effect of OS owurrad irrespect&ely of structural severity 
and consequent cha 

Quertlba of Easeline Mean Joint Spa00 Vpti3 
B Fiat* B GlucosemIne qulfate 

BN~&B et al, 2002:$cqnd. J. Rheum., 31,13-6 





Why do the long-lerm fb 
knee CIA, support tie c 

@  Data on the contralateral knee 

CGS in 
vention 

Why do the long-term therapeutic &Yak of CGS in 
knee OA, support the claim of dise&e prevention 

* Data on the contralateral knee I 
* Symptom- and Structure-Allodifying : effects in 

patients with milder characteristi&:at entry 
e Disease outcomes in longer-term follow-up 
o Effects in prophylactic animal models 





Enrolment Joint Space Width (JSW and 3-year Joint 
Space Narrowing (JSN) in tie coniral$lteirral knee 

1 Placebo 1 Glucowmine 1 DHferwwe 1 I 

I Mean JSN-mm, ave. 
I 

-0.54 (1.22) 
I 

-0.08 (1.09). 
em I 

0.46 0.033 
(0.04 to 0.68) I I 

RegbterJY et al,, Lancet. 200$; 357: 251-56 

.a 
Enrolment Joint Space WicH’h (JSW) epd 3-year Joint 
Soace Narrowha IJSN) in the contraldtteraj knee 

Minimum JSW-mm, 

Minimum JSN-mm, 

Placebo 1 Glucosamine 1 Diflbrence 1 

(~78) I W%W I p 

-0.13 

I 

-0.04 

I 

“0.07 0.17 
(-0.23 to -0.03) (-0.12 to 0.05) (-0.04 to 0.23 

Pavelka K et al, Arch In&m Med. 2002; 162: 21 U-23 





Why do fhe long-term therapeutic#JaJs of CGS in 
knee OA, support the &aim of dls@se prevention 

e Mild to moderate characteri$tice of the patient 
population 

Putiem’s in the twu long-term tqakz hudmiid fo 
moderate symptoms at enrolment Lund, 

I especiully, they predomi/‘nan t/y &d mild joint 
structure changes. J3e effects$served in this 
popui’ation ma therefore be trcmsferred to the 
generl/popu ation at risk fop ost&wrth&tis ly 

Why do the long-term therapeutic @aills of CGS in 
knee OA, support the claim of diswqe prevention 

@  Mild to moderate characteristics of the patient 
population 

‘ Data on the contralateral knee 
@  Symptom- and Structure-Modifying: $ects in patients 

with milder characteristics at entry : 
o Disease outcomes in longer-term follow-up 
o Effects in prophylactic animal mod&s 
o Mechanism of action supporting short- and long-term 

effects on symptoms and preventioh of joint structure 
changes 



, 



Baseline knee OA characteristics furjoip sfructwe and 
symptoms 

PIeceho 
(NMW,lOl) 

i!lB!&Y 
Jcilnt slruclw 

~~~~~~ 
5.39 (1.29) 

i?ia!& 
3.98 (1.24) 

Minlmumjohtspacewicttham 3.63 (1.57) 

!i i if%MAC index-VAS 

Tot& WOMAC index-points 
Lequesne index-pohls 

Data are average (SD) 

Gluu#lenllne 
slmte 

(NrrlDB,lOl) 

&23(1.36) 
3.82 (1.32) 

3.89 (3.48) 

Ei 
0.24 

* OW&?gin8ter JY et al, Len&t. 2001; 357: 257-56 
“*02- Pavelka K et al, Arch lntem ‘Med. 2002; 162: 2113-23 
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Why do the long-term therapeutic &lab of CCS in 
knee OA, support the claim of diseaqe prevention 

o Data on the contralateral knee ’ 
* Symptom- and Structure-Modifying. effects in patients 

with miider characteristics at entry : 

* Disease outcomes in longer-term fellow-up 
@ Effects in prophylactic animal models 
@ Mechanism of action supporting snort- and long-term 

n symptoms and preventiqn .of joint structure 

Why do the long-term therapeutic $r&& of CGS in 
knee OA, support the claim of dis&se prevention 

e Data on the contralateral knee 
* Symptom- and Structure-Modifying:effects in patients 

with milder characteristics at entry 
* Disease outcomes in longer-term fellow-up 
* Effects in prophylactic animal models 

chanism of action supporting shbrt- and long-term 
on symptoms and prevention of joint structure 





Infant&4reat change in symptom score4 (@I points: average 
and 95% Cfl tier 3 yeam compared fo baseline 

Pavelka 

-2.0 : 
(-2.4 to -1.5) 

Med. 2002; 162: 2113-23 

Intent-to-treat Lequesne index change at clinic visits 
throwhout the studv 

1 
r t I I I , I I I I’ ‘I 1 I 

0 3 6 9 12 IS 18 2l24+93838 

P--O.004 between gmups on ANOVA for repqdxi measures 

Pavelka K et al, Arch /n&n Med. 2002; ?62?2113-23 





a 
chance in the ~~~A~ subscabs after 3 yews (ITT&urn Q 
VAS ~cofes) 

Reginster JY et al, fm?cet. 2U01; 357: 257-56 I 

Change in total WOMAC index andgain, fun&ion andstlffness 
subscales after 3 years (fP-sum of Likert scpscorss] 

a 





Total WOMAC % change (average and 95% 43) after 3 yeam in 
evaluabie patients (per-protocol) 

Reginster JY et al, Lancet. 2001; 357: 2514% 

Total WOMAC % change {average and 95% @) Lftef 3 years in the 
intention-to-treat (worst case scenario) am&.&s 

Total WOMAC 

% change 

Wacebo 

(N406) 

9.8% 

(-6.2 to 25.8%) 

Glucosaqdne 
sulfate Differ6W6 p 

(NslOB) (96%CI) 

-11.7% ! 21.6*h 0.020 

(-20.3 to -3.2%) (3.5 to 39.6%) 

Regitwter JY et a/,: LgKlcet. 2001; 357: 251-56 
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Prevention of joint strucfure impairfmbfft by giucosamine 
s&fate SO0 mg/day at three years in ihe two long-term 
studies: effect size vs. placebo 

Sulfate in Knee Osteoatfhtifis: A Comphensive Mete-Analysis. 
AR% Intern Med 2003; 163: MM-22 

worsening their Atlas osteophyte.score at the end-point 

Pavelka K et al, ArcA Intetq Med. 2002; 162: 2113-23 





Joint Space Narrow& (in mm: avenge and 95% Cl) at each 
year of treatment in the intention&-f&at (worst case scenario) 
balysis 

Year Giucwamine Dif%iWlWX P 
suwste : between 
(N4f.H) tresbnents 

1 (-0.1iE.03) 0.05 0.097 4349 
(-0.007 to 0.12) (O$JOO6 to 0.19) 

2 -0.06 0.11 a27 
(-0.14to-O.02) 

(-0.OEO.11) 
(0.01 to 0.20) 

3 -0.19 0.23 .ool 
(-0.29 to -0.09) (0.09 to 0.37) 

Pavelka K et al, Arch Intem~lwed. 2002; 162: 2113-23 

Joint Space Narrowing (mean and isem) in patients 
completing each year of tie studjt ! 

-lJ- Gluc~niine suffatb~ (n-84,68,65) 
-b Placebo (&=8367,55) 

t 
yo.05 
tpao1 

1 Years 2 
-RT 

Paveika K et J Arch intep Med. 2002; f62: 2113-23 - 





P&nary outcome measures 

* Symptom Nlodifcation: 
- WOMAC index (a validated composite in&x of pain, stiffness and 

physical function for knee OA); VAS veti& (01 $tudy? and LK 
version (02 Study *) (total score, i.e. sumlof ‘the 24 component item 
scores, and pain, function and @iMess s&scales). 

- LEQUESNE index (a validated composit$ index of pain, movement 
limitation and walking capadty for knee OA) (02 Studyn). 

* 0%Re&qter JY et al, Lancet. 2QOf; 367.- 25f-56 
“02- Paveka K et al, Arch Intern &$. 2002; 762: 21113-23 

FDAFAC-QystahW~ 11 -June7th-m2tiD4 11 DCLROWI 1 

m FAG2 I%. -:,o 

e 

Joint Space Narrowing (average and 95% Ff) afier 3 years in the 
intention-to-treat (worst case scenario) anblysis 

Reginster JY et al, Lapet. 2005; 367: 251-66 
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Joint degenerationharlcirage deferior@on as modifiable 
risk factorshmogate endpoints for OA’ risk reduction 

* Joint degenerat ion is an  indicator/predictor of :OA, as it is 
fundamental  for OA diagnosis and it is invariably present in all 
patients with definite OA. 

0  Cartilage deterioration is the most widely amted surrogate of joint 
degenerat ion. It can be  indirectly assessed!by plain radiography, 
measur ing changes in joint space width (JZ$&?. 

* JSW is accepted by all scientific and regulatory guidelines (FDA 
and EMEA) to assess progression of OA, as it is: 
- Valid: 

Accurate measure of cartilage thickness in cazadies 
- Reliable: 

Good precision over repeated measurements 
- Sensitive: 

Epidemiological studies have shown a  loss of -0.1 m m /year in 
knee OA 





New long-term clinical studies of Glucosamine Sulfate 
for disease modification in osteoarih~ 

Patient seh3ction 
212 (01 Study”) and 202 (02 Study*) patients of both genders aged 
over 45 yrs with primary knee OA (ACR criteria). 

Crystalline Glucosamine Su&e 1500 mg an,ce-a-day continuously for 
3 years, or placebo. 

Primary outcome measures 

0 Structure Modlfzation: 
Weight-beating (standing), antero-posterior radiographs of each knee,at 
enrolment and for 3 years by a stancfardiaed technique (patkmt positiining and 
radiographic procedure, including fluoroscopy). Minimum joint space width of 
the medial compartment of the tiiio-femoral jolnt assessed by visual reading 
with the aid of a 10x magnifying lens graduated in 0.3 mm intervals (on the 
signal joint, i.e. the narrowest side at enrolment). 
Mean joint space width was atso assessed in the 01 Study* by digital image 
analysis. 
Secondary radiographic features of OA (osteophytes) were assessed in the 02 
Study* by Atlas scoring. 

* Ol-Reginster JY et al, Lancet. 2001; 359: 251-56 
TX?- Pavelka K et al, Arch Intern Med. 2002; 162: 2143-23 
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Systematic Reviews and Meta-ABaiyses of RCTs 

@ Towheed et al, Cochrane Library 2001; issue 2 
- Placebo or active comparator-controlled trials (mean duration 

6.25 weeks) 
- 16 trials reviewed (12 considered), 2029 patients (all but one 

with CGS) 
- Quality scores “collectively as good, if not better, than NSAID 

trials in OA”, even improving with more recent trials 
- Large effect sizes on OA symptoms and 9ood safety 
- The only trial with glucosamine HCI gave less favourable 

results. Authors concluded that presence of sulfatea and 
especially the formulation (all glucosamine sulfate trials 
performed with the Rotta preparation) seems to be important. 

Systematic Reviews and /@eta-Analyses of RCT. 

‘ ) Richy et al, Arch Intern Med 2003; 163:15&l-22 
- Placebo-controlled trials of glucosamine sulfate perfomed 

according to current standards. Included the two long- 
term studies of CGS 

- 7 trials reviewed (5 with CGS) 
- High quality scores: 90% in average 
- Moderate effect sizes on QA symptoms, calculated with a 

more conservative approach than in the IWO previous 
meta-analyses. The two studies with other formulations of 
GS emerged as those with the lowest effect size. 

- Consistent effect on prevention of joint structure damage 
progression in the two long-term trials of CGS 

- Good safety even in the long-term 
- Exclusion of publication bias 









t-al intake of $04 on urine excrefim 

0 
Sulfur 

.imoie/24 hl 

40 
35 
30 
25 
20 
15 
10 

5 
0 

I D Urine SO4 
q Gfucosamine 

1 q Basal Diet 7 SO4 

Cordoba & Nimni, OAC 2003;11:228 
I 

L ’ FDAfFAGCrystalHna (jlucosemine Stdfab Bethesda, June 7nlath, 2004 Pmf. R.D. Albnan 1 

ma+4 FIG 3..Rd. M4mn PFTz% L 

FDAiFAC-Crysiall ine Ghrmsamlne Sulfrae Bethaxle. .tU# 7ltMth, 2004 Prof. RD. Ahnan 





NF-xi3 regulation 

CO%2, INOS . . -.- . MCP-1 
tl 

i 

Sulfate on serum SO, levels 

t GSO, 1 P q CO.05 

Serum 350 
Sulfate 340 t I’ I, 

(UmoW 330 
p=< 5 2 m--i LB Serum SO4 1 

I 320 





GS inhibits COX-2 rnRNA expression and protein 
synthesis in OA chondrocytes stimulated with IL+ 

B cox-2 

cox-2 

cox-1 

GAPDH 

Large et al, Ostfmfthritls Catitage 2003,ll: 290-S 

Cellar response & the action of GS 
t&&&te matrix regulators as MMPs, 

etc.: tissue destruction 

Proinflammatory 
activity 

NSAlDs 





inhibition of NF-kB activity 
bv glucosamine sulfate 

L. clotl 
I lP lor 10 I@ ltp IO 

0s (WV 

Large et al, Osteoarthritis Cart&p 2003,ll: 290-S 

FDAIFACXfystaUine Glucosamhe Sulfate Be(hcoda.Jum7Ui-Sih.2W. Prof. RD. Altman I 

GS inhibits nuclear translocation 
of p50 NF-kB subunit 

Largo et al, OsteoarthtiUs,Cartilage 2003, II: 290-8 





CS reverses If.-+&duced COXG? and iNOS increased 
expression and l-kB decreased expresqion in chondrocytes 

Western blot Densitometry analysis 

coati lL.lB, 1 nghl 120 8 matrol 8 IL-@ m E-1 + ImM GS 
1. * 

Pama - - to 

0 0.05 0.1 0.5 1 0 
P3-v a INOS MB 

Letarl et at, Arthritis Rheumatism 2003,46:5286 

GS reduces IL-I-induced NF-ks activation assessed 
by nuclear translocation 

EMSA assay 

12000 
IL-16 lnghl 

10000 I 
.Z 
T 8000 
i? 
$ 6000 2 NF-KB 

* 4000 

2000 -NS 
0 

GS, znM GS, mM 
Let& et al, ArthHtis Rheumattsm 2063,46:S266 
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GS inhibits matrik degradation stimulated by IL-1 in 

0 1 3 10 30 

Gs.mM 

The Content in GAG and proteogiycens In untreated cells wss used as 
basal control 

‘p<O.O8 vs. IL-46 only (1 @ml) 
Letad et al, Adultis Rtwmstlsm 2003,48:S288 

GS inhibits IL-1 induced PCE, and fV0 release from 

A B 
lL-ifs.1 rig/ml 

120 120 

loo 

g 80 
t 
;60 

d&l 

20 

0 0 

ILl& I og/ml 

vehiile 0.05 0.1 0.5 1 5 vehicle 0.03 0.1 0.5 1 5 

GS, mM Gs, mal 

*pcO.O5 vs. IL-lg + vehicle 
Letari et a/, Arthritfs Rheumatistn 2003, U8:S286 





ln vitro studies with Glucosamine Sulfate 
(GS) in human osfeoarthritic chonckocytes 

Anticatabolic Effects 

GS decreases stromelysin 
- Dodge GR et al. Osteoarthritis CaMage 2003;17: 424-32 

* Glucosamine decreases aggrecanase 
- Sandy et al. Biochem J, 1998; 335: 59-66 

* GS decreases PLA2 activity 

* GS decreases collagenase activity 
- Pipetno et al. Osteoatthtitis and Carfiiage, 2000; 8: 207-f2 

Antiinflammatory effects of Giucosamine 
Sulfate 

Glucosamine sulfate 
* does not inhibit cycloxygenase activity 

Inhibits moderately the release of proteolytic enzymes 

Inhibits lysosomal enzymes 

* Inhibits the generation of aggressive superoxide radicals 
- Setnikar et al. Ameimittelforschu’ng, 1991; 41, f57-761 

inhibits the synthesis of inducible nitric oxide 
- Shikhman et al. J Immunol, 2001; 166: 5155-60 





Glucosamine Sulfate 

echanism of Ac$ion 

In vitro studies with GIucosamine Sulfate 
(GS) in human osteoarthritic chondrocytes 

Anabolic Effects 

* GS increases proteoglycan synthesis 
- Bassleer et al. Osteoarthritis Cartilage, 1998; 6 : 427-34 
- Pipemo et al. Osteoarfhdtis Cartilage, 2UOQ 8: 207-12 

* GS increases perlecan and aggrecan mRNA 
- Dodge GR et al. Osteoarfhritis Cartilage 2003;l I: 424-32 

* GS increases PKC production 
e GS increases adhesion of chondrocytes to fibronectin 

- fipemo et al. OsfeoarHMis CaMage, 1998; 6: 393-99 
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Glucosam ine Sulfate in LaJoine OA 

GIucosarnine Sulfate in Lapine 

FDAIFACCryslaUine Glucosamine SuWate Bethesda, June 7thah. 2@34 [ Prof. R.O. AHman I 





Glucosamitie Surgery 

I Normal Placebo 

tow Dose IOOmnlkzlrl Yes 

H.igh Dose Yes 

Placebo 

Glucosamine Sulfate in Lanine OA 

Normal 

. OA 

,ow 

ligh Dose 

Ahan a+ al. 2002 

Dose 
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G lucosamine Sulfate in 
OA models  

biomechanical and 

., GS reverses the decrease in proteogiycan synthesis and aggrecan mFWA 
express ion linked to static compression 

-  Gouze 2001 
9 GS reverses the increase in MMP-3 mRNA express ion caused by loading 

-  Gouze 2001 
p, GS minimizes the degree of damage on mechanicaNy traumatized cartilage 

explants 
-  KNeger2001 

* GS s ignificantly reduces cartilage destruction in rabbit OA induced by anterior 
c ruc iate ligament transectjon (ACL) 

-  Conrozier 7998 
* GS increases proteoglycan content of repairing young rabbi cartilage 

-  Oegefna2001 
* OS reduces metalloprotease express ion and the joint structural changes in 

dog OA induced by ACL sectioning 
-  Pelletier 2002 

* GS reduces metalloprotease expression and the joint structural 
changes in rabbit OA induced by hemimeniscetomy 

-  Atman 2002 





Sfrcmelysin acfhify 
Synoviaf Membrane Artlcular Cartilage 

ooo 

400 

300 

zoo 

100 

0 
OA 80 100 200 

Glucosamhe sulfate (mglkglday) 

OA 80 100 200 

Glucwamine sulfate (mglkglday) 

FDMAGCrystalflns -Sulfate BMhesde, June 7th%ih. 2co.f Rot RD. Albnan I 

Osteoarthritic 

Control Glucosamine sulfate 
(80 mglmf) I 

Collagenase--I 

GAPDH --, 

Ratio 
(Collagenase-IIGAPDH) 

1.89 1.53 1.57 1.35 2.24 0.31 0.59 0.66 1.01 0.55 1.36 





I Femoral Condyles Tibia1 Plateaus I 

_ Glucosamine 
sulfate 
80 mg/kg 

Macroscopic and microscopic grading of femoral 
condyks cartilage lesions 

Macro lesion size (mm2) 

Histological grade (O-6) 

*p<O.OZ vs. osteoarthritic 

Osteoarthritic Glucosamine sulfate 

80 mglkg 
19.ozt3.8 11.9*4.0 

2.92&0.37 1.58&0.34* 

Bethesda, June 73h-8th, XX4 11 Prof. R.D. AHman 





Femoral Condyles Tibiai Plateaus 

Osteoarthritic 

Glucosamine 
sulfate 
80 mglkg 





Experimental protocol 

* Operated group 
- Anterior cruciate ligament sectioning 

a Operated and treated group 
- Anterior cruciate liiament sectioning 
- Glucosamine sulfate 

B 80 mgfkgidaylpo 
9 100 mglkgldaylpo 
9 200 mgikgldaylpo 

4 Dogs were sacrificed and tissues examined 8 weeks after surgery. 
Glucosamine sulfate was given orally for 8 weeks beginning 
immediately after surgery. 





Glucosamine Sulfate in biomechankal and 
OA models 
* GS reverses the decrease in proteoglycan synthesis and aggrecan mRNA 

expression linked to static compression 
- Gome 

* GS reverses the increase in MMP-3 mRNA expression caused by loading 
- Gorne2001 

* GS mink&es the degree of damage on mechanically traumatized cartilage 
explants 

- Krueger2001 
* GS significantly reduces cartilage destruction in rabbit OA induced by anterior 

cruciate ligament transection (ACL) 
- confozier1998 

0 GS increases proteoglycan content of rapairing young rabbit cartilage 
- OeQeme2oo1 

0 OS reduces metalloprotease expression and the joint structural 
changes in dog OA induced by ACL sectioning 

- Pelletler 2002 
* GS reduces metalioprotease expression and the joint structural changes in 

rabbit OA induced by hemimeniscetomy 
- Altmen2002 

Effect of CrystaMne Glucosamine Sulfate on the 
prevention of canine experimental oqteoarthr~tk lesions, 
metalloprotease activity and IL-M production 

J-P Pelletier, DV Jovanovic, J Fernandes, J Martel-Pelletier 
Osteoarthritis Research Unit 

Centre hospitalier de I’Universit6 de MontrC?al 
Hijpital Notre-Dame 

Montr+al, Qu&ec, Canada 





Glucosamine Sulfate 

Prophylactic Adminis 
Glucosamine Sulfate 

in Animal Models of OA 

I Glucosamine sulfate in biomechanical and 
OA models 

GS reverses the decrease in proteoglycan synthesis and aggrecan mRNA 
expression linked to static compression 

- Gouze2001 
* GS reverses the increase in MMP-3 mRNA expression caused by loading 

- Gouze 2001 
GS minimizes the degree of damage on mechanically traumatized cartilage 
explants 

- KNeger2001 
* GS significantly reduces cartilage destruction in rabbit OA induced by anterior 

cruciate ligament transection (ACL) 
- Conrozier 1998 

* GS increases proteoglycan content of repairing young rabbit cartilage 
- Oegema 2001 

a GS reduces metalloprotease expression and the joint structurat changes in 
dog OA induced by ACL sectioning 

- Pehtier 2002 
* GS reduces metalloprotease expression and the joint structural changes in 

rabbit OA induced by hemimenlscetomy 
- Altman 2002 
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Why “glucosamine” formulations other than CGS do not have the 
seme body of evidence to support any claim 

* glucosamine hydrochloride 
e N-acetyl-glucosamine 
o other “glucosamine sulfate” formulations, 
or combinations of these substances with other ingredients, 

* Glucosamine/chondroitin sulfate combinations, 
may not share the same pharmacological, clinical, quality, 
or pharmacokinetic properties of the original substance. 

Pf 3 Year Study published in The Lancet 

0 Excerpts fiom the Lancet - Jan 27,200l Vo1357 
* “Treatment assignment 

Crystalline glucosamine Sulphate (Don% Via&&S 
or Xicil, Rotta Research Croup, Monza Italy) is a 
defined pure substance that is symthesised from 
chitin, and in which glucosamine, sulphate, 
chloride, and sodium icons are present in 
stoichiometric ratios of 2:I :29” 

* “This product has been approved at this once daily 
dosage as a prescription treatment for osteoarthritis 
in many countries in Europe and elsewhere” 

0 “In this study, glucosamine sulfate was approved 
as a prescription drug, therefore, our results cannot 
be generalized to other glucosamine products (or 
compound mixtures) such as those available in 
some counties as dietary supplements” 





Safety of Glucosamine Sulfate - The insulin 
resistance issue 

* Animal studies with suprapharmacological I.V. doses of 
glucosamine suggested an interaction with the hexosamine 
pathway and an increase in insulin resistance. 

) At least 4 studies and the trial experience with CGS-suggest that 
this mechanism is not operative in humans: 
- Monauni et al, Diabetes 2000 

i-v. glucosamine 1.6-5.0 pmol/kg.min for 4 h in 10 healthy 
volunteers did not affect insulin levels or secretion during 
IVGlT or euglycemic insulin clamp, but only slightly 
increased plasma fasting glucose levels. 

- Pouwels et al, .I Clin Endocrinol Metab 2001 
Intra-arterial CGS 4 umol/dl.min for up to 5 h in 18 healthy 
volunteers had no effect on insulin-induced glucose uptake 
and thus insulin sensitivity. 

FDAlFAGCfystall lne Glucosemlne Subte Belhesda. June 7th%lh, ZOC4 Rcdta 

Safety of Ghcosamine Sulfate - The insulin 
resistance issue I/ 

@  Scmggie et a/, Arch Intern Med 2003 
A 1500 mg glucosamine l-W1 200 mg chondroitin combination given for 
3 months to 26 type 2 diabetes patients vs. 12 on placebo, did not 
modify hemoglobin A,c concentrations, or diabetes management. 

* Tannis et al, Osteoarthritis CaMage 2004 
1500 mgkiay glucosamine sulfate for 3 months to 19 healthy volunteers 
did not alter serum insulin or plasma glucose during OGTT; there were 
no significant changes in glycated hemoglobin levels. 

a Rovati et al, Lancet 1999 
Fasting plasma glucose did not change in short-term trials of CGS in 
OA, even in patients with baseiine hyperglyceemia and tended to 
decrease in the 3-year study of Reginster et al. 
Pavelka et aI, Arch Intern Med 2002 
Four patients developed diabetes during the 3-year treatment: 1 on 
CGS and 3 on placebo. 





I 
The ACR practice guiciellnes on knee and hip OA 

* The latest version of the American College of Rheumatology 
(ACR) guidelines (a consensus document inste@d of an evidence- 
based recommendation) were published in September 2000 and 
could not take into account the two long-term trials of CGS, or the 
Cochrane and Richy meta-analyses, and couldnot make therefore 
any specific recommendations on glucosamine -sulfate 
[Altman RD, Uochberg MC, Moskowitr RW, Schnkzec TJ 
(ACR subcommittee). Recommendations for the medical management 
of OA of the hip and knee. Arthdtis, Uheum 20001 

o “The documented efficacy of glucosamine.. . ., requires us to 
reassess the use of glucosamine as a first line agent at least for 
patients with knee OA who have mild to moderate disease”. 
Hochberg MC. What a difterence a year makes: reflections on the 
ACR recommendations for the medical management of OA. Cur 
Rheumatol Rep 2007. 

Safety of Giucosamine Sulfate 

1 
* All systematic reviews and meta-analyses support the safety of 

glucosamine sulfate in humans. 
* The short-term trials of CGS report an incidence of patients 

with AEs between 6% and 15%, with drop-outs for AEs in <4% 
There are no significant differences with placebo, but a 
significant advantage over conventional MAIDS. 
In the two long-term trials, the safety of CGS was similar to that 
of placebo. 

* Being regulated as a prescription drug in over 40 countries of 
the world, regular Periodic Safety Update Reports (PSURs) are 
generated at ICH standards. Information from these PSURs 
indicates that out of estimated 30,400,OOO patient/months 
receiving the substance, there were only 209 spontaneous 
adverse reaction reports, with no safety signals. 





The EULAR practice guidelines on knee OA 

@  In the recent EULAR practice guidelines, 
glucosamine sulfate was scdred the highest Level of 
Evidence (IA) and the highest Strength of 
Recommendation (A). Out of 34 pharmacofogicaf 
and non pharmacological modalities, this was 
attributed only to 6 of them. 

B In addition, glucosamine sulfate was attributed the 
highest median quality score for the trials petionned 
(24 out of maximum 28), and among the highest 
effect sizes vs. placebo. 

a 
The EULAR practice guidelines. on knee OA 

Examples among modaJJtJes with evidencelreconimendation WA or at 
Jeast I B/A. 

Modality 
I 

Level of 
evidence I 

* Mediin ** Range , if availabte 





Significant scientific agreement (S 
the use of Glucosaqdne Sulfate for CM 

SSA is reflected in the most recent practice 
guidelines issued by the top rheumatology 
scientific organisations. 

The only practice guideline that takes into 
account most of the new evidences on 
glucosamine sulfate is the evidence-based 
document from the European League 
Against Rheumatism (EULAR), that was 
published in November 2003. (KM Jordan et 
al, Ann Rheum Dis 2003;62:1145-55) 

I I 

EULAR Recommendations 2003: An evidence based medicine 
approach to the management of knee osteoarthritis Repot3 of 
a Task Force of the Standing Committee for Wernational 
Clinical Studies including Therapeutic Trials (ESCSr;r;r. 

KM Jordan, NK Arden, M Doherty*, B Bannwarth, J Bijlsma, P Dieppe, 
K Gunther, H Hauselmann, G Herrero-Beaumont, P Kaklamanis, 

S Lohmander, f3 Leeb, M Lesquesne, B Mazieres, E Mola, K Paveika, 
A Pendleton, L Punzi, U Semi, B Swoboda, G Verbruggen, I Zimmerman- 

Gorska, M Dougados*. 
*Co-Chairs of Task Force 

: 

Ann Rheum Dis 2003; 62: 1145-55 





Why “Glucosamine” formulations other than CGS do not have the 
same body of evidence to support any clainr, 

Forms of glucosamine other than the original CGS formulation 
may not share the same quatity, pharmacological, 
pharmacokinetii or, especially, clinical properties of the original 
substance. 
Besides not supporting any claim for other glucosamine 
formulations, care should be used when,extrapolating results 
of clinical trials with these other formulations to the original 
CGS preparation, unless a clear phamracokinetic/clinica~ 
equivalence is shown. 

FDAJFACCrystalline 

Why NGlucosamina’* formulations other than CGS do not have the 
same body of evidence to support any claim 

“In contrast to earlier industry-funded trials for knee OA, 
recent studies have generated negative results. While there 
will be a tendency to assume that these s&@es were 
negative because of the absence of any conflict of interest, 
a number of issues must be taken into consideration. These 
include design issues and important differences in sample 
characteristics. Ultimately, it is clear that more work needs 
to be done to clarify issues surrounding thp efficacy and 
utility of various glucosamine compounds”* 

McAlindon T, j?heum Dis Clin N Am 2003;29:?89-801 
“Why are chcal trials of giucosamine no longer 
uniformly positive?” 





Glucosamine PK parameters after oral CGS (750, 1500, 
or 3000 mg once-daily) 

* p4.05 vs. 750 mg when dose-normalised 

Persiani et al, abstract submitted to ACR 2004 

@  Summaw: 
- Glucosamine is rapidly bioavailable after oral 

administration and is distributed to.extravascular 
compartments. 

- Pharmacokinetics are linear up to 1500 mg once- 
daily, but deviates from dose-proportionality at higher 
doses. 

- The elimination half-life (t%) is 15 h and supports 
once daily dosing. 

- Steady-state maximal concentrations are in the range 
effective in inhibiting IL-l intracellular signalling 
pathway, that mediate the substance 
preventive/treatment effects. 

Persiani et al, abstract submitted to ACR 2004 

Oral bioavailability and dose-proport!onality of CGS 
in man 





of 

Methods: 12 healthy volunteers (6M, 6F) received 3 
consecutive once-daily oral administrations of the CGS 
soluble powder formulation 760, or 1500, or 3000 mg, in 
a randomised, cross-over fashion. 

Results: Endogenous glucosamine was detected in 
plasma (10.4-204 rig/ml, with low intaa-subject 
variability) and basal levels were therefore subtracted. 
The pharmacokinetic properties at steady state could be 
described. 

Persiani et al, abstract submitiecf to ACR 2004 

Mean 
repea 

glucosamine plasma concentration vs time profiles glucosamine plasma concentration vs time profiles 
rfed doses of 750,150O and 3000 mg CeS once daily rfed doses of 750,150O and 3000 mg CeS once daily 

a fffer 

Persiani et al, abstmctsubmifted to AC!? 2004 

FDNFAC-Crysteliine Glucosamine %fate Bethesda, June ?h-Blh, 2004 Rolta Pkansceuticak Inc. 





HPL C Method for GJucosamine 
2uii4) 
Chmmatcqram of OlucosamIne free bas0 wMbn 

Why “glucosamind formukfions other than CCS do not have the 
same body of evidence to support any claim 

Pharmacckinetic considerations 
* The knowledge about glucosamine pharmacokinetkz has been limited 

by the poor sensitivity and specificity of the avait$ble cold, chemical 
methods. Slightly better information could be obtained using [%I 
uniformly labelled glucosamine, with all consequent limitations of this 
approach. 
The information available for CGS has been recently reviewed 
(Setnikar and Rovati, 2001) and supported the original substance for 
which, in any case, an exhaustive clinical trial package is available. 
Nevertheless, it helped low quality products, preventing them from 
showing bioequivalence with the original CGS. 

* Very recently, a Liquid Chromatography with Mass Spectrometry 
detection (LC-MS/MS) method was validated for the determination of 
glucosamine in plasma (LoW3.25 nglml) and +Wwed to study the oral 
bioavailabirii and dose-proportionatii of the original formulation in 
man (Persiani et al, abstract submitted to ACR 2004). 
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DONATM CapletslPackets 
Analytical Methods 

B The amount of Glucosamine Sulfate contained in DONA is 
detected by potentiometric methods. 

b The methods proposed are validated for specificity, 
linearity, accuracy and preckion. 

@  Differently from other originators of dietary supplements 
containing glucosamine, Rottapharm does not use the 
high-performance liquid chromatography method 
described in the USP/ NF 2004. 

* The USPINF 2004 method does not detect “gluwsamine’ 
but only the chloride ions present in Glucosaminc 
Hydrochloride or in Glucosamine S&fate Sodium Chloride. 

HPLC Method for Glucosamine 
(LISP / NF 2004) 

Chromatogram of Glucosamine Hydrochloride solutlon Chtwnatogram of NaCt solutton 





Weak rationale for gluc~sa~in~c~~n~roi~n sulfate 
combinations 

g Chohdroitin suifste is a gtycosaminoglycsn normally present in the cartilage 
matrix and consisting of a htth M.W., long chain of rapssting unks of sulfatad 
residues of glucuronk: add and N-acstyl-galsctosamine (N-ac-gat), obtained 
with extraction processes from animal tissuss (most& of bovina origin, in the 
USA). 

* Oral absorption of high molecular mass polymers is qusstionabie. PK studies 
(Come et al, 1995) have shown that the largest plasma peak consists of one 
of the constituents monomers, N-swat. 

* Very early studies had shown that N-as-gal might induce mstsbotic acttvities 
similar to that of its precursor glucosamine, although with a lower potency 
(Karzd and Domsnsjoz, 1971) 

* it may bs speculstsd therefore that the clinical acttvii reported for chondroitin 
suffite in some triats may bs similar to that of *dose glucossmine sulfate. 
Adding chondroktn to a giucosamins HCt preparation may only siightly 
increase the doss of glucosamfne and provide suffitss, thus explaintng ths 
effects shown in fsw trials on OA symptoms, but H is not known how these 
would compare with futl doss CGS atone. 

Why “‘glucosamine” formulations other than CGS do not have the 
same body of evidence fo support any calm 

Quality considerations 

* The Rotta CGS formulation is regulated as a prescription drug in 
Europe and elsewhere and is thus subjact to strict qua&y controls. 

In a recant investigation, Russel et al (J. Rheumatol2992;29:2407-9) 
found that out of 14 nutritional supplement formulations of 
“glucosamine sulfa&F commercially available in North America, only 2 
contained over 80% of the labelied glucosamine content. For 12 
formulations, the % of the stated amount ranged between 41 and 66% 
only. 

This observation follows a previous one from the University of 
Maryland (Adebowale et al, JANA 2909;3:3744) in which, in 14 
products with glucosamine HCI or sulfate, deviations from label daims 
ranged from 25% to 115% 





Why *‘glucosamine” formulations other than CGS do not have the 
same body of evidence to support any claim 

Clinical considerations - Glucosamine trials 
‘86% of trials included in the available meta-anatyses and the two high 
quality long-term trials have been pe&xmed with Rotta CGS. 
*The few and small clinical trials conducted on other sources of 
glucosamine, besides having several methodological limitatkrns in many 
instances, yielded less consistent, or even unfavourable results than 
those with CGS 

- Houpt et al, J Rheumatol lgc)9 
8-week RCT of glucosamine HCI 
Not significant improvement vs placebo 

- Rindone et al, West 3 Mad 2066 
&week RCT of a aglucosamine’ 
No difference vs. placebo in severe knee OA patients 

- Hughes end Can; Rheumatology 2002 
6-month RCT of potassium chloride glucosamine sulfate 
No difference vs placebo in a “pragmatic” trial on all grades of knee 
OA sever&. with backaround NSAIDs. 

Why “glucosamlne” formulations other thsn CGS do not have the 
same body of evidence to support any claim 

Clinical consider&ions - Gluoosaminelchondroitin trials 
*Very few and small studies of glucosaminelchondroitin combinations 
have inconclusively suggested its efficacy on the short-term control of 
OA symptoms: 

- Leffier et al, Mil Med 1999 
X&week benefit vs placebo 

- Das and Hammad, Osteoarthritis Cartilage 2666 
Gmonth benefit vs placebo 

*Due to the lack of a comparator arm with the original CBS, it is 
unknown whether the effects observed are of lower, similar, or higher 
magnitude than with the standard substance alone. 
*A synergistic effect has never been shown in any clinical trial. 
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Commentary in The Lancet for the ‘P 3 Yetar Study 
Tim McAlindon - Arthritis Center, Boatan University Medical Center 

suggeatthat an oral agent $lucosamine sulpbak, 
retard.9 the p-on of symptomatic knee 

L o&oa&ritis.Tb,estudyisalandmadcinOA 
222 resmb not only far its s&&i& ma&, but alao 
a- k%. for highlighting vexing issues in this araa.” 

P- 0 
I 

“Certainly, the study by Jean Yves lkgkwer and 
colleagues shows mauy hallmarka of a well- 
comiuctedtrial...n 

* “Since glucosamiue is generally self-prescrii the 
likely primary beneficiary of this trial will be the 
nutritional-product industry rather than the 
pharmaceutical company that sponwed the trial, 
even though the results may not be generaUsable to 
the bighly variable fmumlations of nutritional 
pWdllCtSn 

Znd and Confirmatory 3 Year Study published in 
Archives of Internal Medicine 

0 Excerpts from Archives of Internal Medicine 

iigt . . ‘4 4 

‘%I this trial, we use Crystalline Giucosamine Sulfate, that 
is, theoriginal Glucosamine Sulfate described in most of the 
literature and available as ~rwriptioa dmg for o&oar&r& 
in several European cxmutries and other countries and as a 
nutritional supplement in the US (Doq Viatril-S, or Xicil; 
Rotta PharmaceuticiXls Inc., Wall, NJ)” 
‘%lucosamine derivatives are popular dietary supplements 
in the United States and other countries, exploiting the 
opportunity provided by the American Dietary Supplement 
Health and Education Act and the clinical research data 
obtained with gtucosamine sulfate approved as a 
prescription drug for the treatment of osMarthritis in 
Europe and elsewhere. The latter was used in our study and 
in most of the previous Glinieal experiences; at present, it is 
difficult to generalize these results to the highly variable am 
uncontrolled formul~ons of the other nutritional products 
claiming a glucosamme content* 


